Introduction
In the CNS, ATP mediates a broad range of effects, varying from trophic to toxic effects, both in neurons and glial cells (for review, see Franke and Illes, 2006; Verkhratsky et al., 2009 ). In the retina, it is also emerging as an important signaling molecule that can be released, through a calcium-dependent mechanism, by application of several depolarizing stimuli such as light, KCl and glutamate agonists (Newman, 2005; Perez et al., 1986; Santos et al., 1999) . ATP can also be released from pigmented epithelium (PE) by the opening of connexin 43 hemichannels (Pearson et al., 2005) or NMDA receptor stimulation (Reigada et al., 2006) . Recently, the release of ATP in the retina or in cultures of retinal cells was observed in pathological conditions such as high glucose (Costa et al., 2009) or elevated intraocular pressure (Resta et al., 2007) .
The expression of several nucleotide receptor subtypes was described in the retina. Besides mRNAs for several P2X and P2Y receptors (Fries et al., 2004a,b; Greenwood et al., 1997; Jabs et al., 2000; Wheeler-Schilling et al., 2000 , several receptor proteins, including both P2Y and P2X sub-types of receptors, were characterized in this tissue (for review, see Housley et al., 2009) .
During development, nucleotide-mediated responses were primarily associated with the induction of cell proliferation in the retina (Milenkovic et al., 2003; Moll et al., 2002; Pearson et al., 2002; Sanches et al., 2002; Sugioka et al., 1999) . In the chick retina, while activation of P2Y2/4 receptors by ATP or UTP induces the proliferation of early developing progenitors that will generate ganglion, amacrine, horizontal cells and photoreceptors (Pearson et al., 2002 (Pearson et al., , 2005 , activation of P2Y1 receptors by ATP or ADP induces the proliferation of late developing glial/bipolar progenitors (França et al., 2007; Sanches et al., 2002 ) by a mechanism involving PKC, MAPK and PI3K/AKT pathways (Nunes et al., 2007; Ornelas and Ventura, 2010; Sholl-Franco et al., 2010) . In the developing rat retina, ATP signaling was also associated with the induction of cell death through the activation of P2X7 receptors (Resta et al., 2005) .
The Mü ller cell is the predominant glial cell type that interacts with the majority of neurons in the retina (for review, Sarthy and Ripps, 2001) . Mü ller cells have a supportive function for retinal neurons, responding to and releasing a variety of signaling molecules during development as well as in the adult tissue (Reis et al., 2008, for review) . Mü ller cells, for example, are involved in the control of the extracellular levels of K + , H + and neurotransmitters, in ATP can be released from neurons and act as a neuromodulator in the nervous system. Besides neurons, cortical astrocytes also are capable of releasing ATP from acidic vesicles in a Ca 2+ -dependent way. In the present work, we investigated the release of ATP from Mü ller glia cells of the chick embryo retina by examining quinacrine staining and by measuring the extracellular levels of ATP in purified Mü ller glia cultures. Our data revealed that glial cells could be labeled with quinacrine, a reaction that was prevented by incubation of the cells with 1 mM bafilomycin A1 or 2 mM Evans blue, potent inhibitors of vacuolar ATPases and of the vesicular nucleotide transporter, respectively. Either 50 mM KCl or 1 mM glutamate was able to decrease quinacrine staining of the cells, as well as to increase the levels of ATP in the extracellular medium by 77% and 89.5%, respectively, after a 5 min incubation of the cells.
Glutamate-induced rise in extracellular ATP could be mimicked by 100 mM kainate (81.5%) but not by 100 mM NMDA in medium without MgCl 2 but with 2 mM glycine. However, both glutamate-and kainate-induced increase in extracellular ATP levels were blocked by 50 mM of the glutamatergic antagonists DNQX and MK-801, suggesting the involvement of both NMDA and non-NMDA receptors. Extracellular ATP accumulation induced by glutamate was also blocked by incubation of the cells with 30 mM BAPTA-AM or 1 mM bafilomycin A1. These results suggest that glutamate, through activation of both NMDA and non-NMDA receptors, induces the release of ATP from retinal Mü ller cells through a calcium-dependent exocytotic mechanism.
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photoreceptors, in inhibition of cell swelling under hypotonic conditions, among other functions (Bringmann et al., 2006) . Some of the above functions of the retinal glia involve activation of nucleotide receptors primarily associated with the mobilization of intracellular calcium levels (Li et al., 2001 (Newman, 2001 (Newman, , 2003 . The release of ATP during calcium transients inhibits light-induced ganglion cell spiking, a response that is blocked by adenosine antagonists or inhibitors of ectonucleotidases (Newman, 2004; Newman and Zahs, 1997) . ATP can induce a P2Y1-mediated release of adenosine from Mü ller cells that inhibits their swelling in tissues submitted to hypotonic conditions (Uckermann et al., 2006) . Activation of P2Y1 receptors is also involved in Mü ller cell gliosis after ouabain-induced cell injury in the fish retina (Battista et al., 2009 ). Although ATP is released from Mü ller cells when calcium transients are induced in the retina (Newman, 2001) , the mechanism by which these cells release this nucleotide is poorly understood. In the present study, we investigated the release of ATP from Mü ller glia cells of the chick embryo retina by examining quinacrine staining and by measuring the extracellular levels of ATP in purified Mü ller glia cultures. Our data revealed that glial cells could be labeled with quinacrine, a reaction that was prevented by incubation of the cells with bafilomycin A1, a potent inhibitor of vacuolar ATPases. Moreover, 50 mM KCl, glutamate and kainate were able to decrease quinacrine staining in the cells as well as to increase the extracellular levels of ATP in the medium. Glutamate-induced rise in extracellular ATP was completely blocked by the glutamatergic antagonists DNQX and MK-801, as well as by BAPTA-AM and bafilomycin A1, suggesting that glutamate, through activation of NMDA and non-NMDA receptors, induces the release of ATP from retinal Mü ller cells through a calcium-dependent exocytotic mechanism.
Materials and methods

Reagents
Glutamine, penicillin-G, streptomycin sulfate, glutamate, kainate, 6,7-dinitroquinoxaline-2,3-dione (DNQX), dizocilpine maleate (MK-801), BAPTA-AM, EGTA, quinacrine, Evans blue were from Sigma (St. Louis, MO, USA); ATP determination kit, MEM, Fetal Bovine Serum, Life Technologies Inc.; trypsin, Worthington Biochemical (Freehold, NJ, USA); all other reagents were of analytical grade.
Glial cell cultures
The use of animals was in accordance with the ''NIH guide for the Care and Use of Laboratory Animals'' and approved by the department's commission for animal care. Glial cultures were obtained according to a previous published procedure (Cossenza and Paes De Carvalho, 2000) . Retinas from White-Leghorn chick embryos were used and monolayer retinal cultures enriched in glial cells prepared. Neuroretinas from 8-day-old embryos were dissected from other structures of the eye and immediately transferred to 1 mL of Ca 2+ and Mg
2+
-free balanced salt solution (CMF). Trypsin, at a final concentration of 0.1%, was added and the suspension incubated at 37 8C for 20-25 min. Trypsin solution was removed and the retinas resuspended in MEM containing 5% fetal calf serum, 2 mM glutamine, 100 U/mL penicillin and 100 mg/mL streptomycin. The tissues were mechanically dissociated by successive aspirations of the medium. For quinacrine staining experiments, the cells were seeded at a density of 2.5 Â 10 3 cells/mm 2 on 40 mm plastic Petri dishes. For experiments measuring the extracellular levels of ATP, cells were seeded on 4-well dishes, at the same density. Cultures were maintained in a humidified atmosphere of 95% air/5% CO 2 , at 37 8C. Medium changes were performed 3 times a week. Cultures were used after 14-20 days, when almost all neurons died and the culture contained only glial cells. 
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Quinacrine staining
Quinacrine staining of ATP-containing vesicles was performed as described previously (Bodin and Burnstock, 2001a) . Briefly, Mü ller glial cell cultures were incubated with 5 mM quinacrine for 5 min, at 37 8C. The cultures were washed 5Â with Hank's balanced salt solution (128 mM NaCl, 4 mM KCl, 1 mM Na 2 HPO 4 , 0.5 mM KH 2 PO 4 , 1 mM MgCl 2 , 3 mM CaCl 2 , 20 mM HEPES, 12 mM glucose, pH 7.4). The cells were immediately observed on a Nikon TE 2000-U fluorescence microscope using a B-2E/C filter block for FICT. Fluorescence of quinacrine was acquired by a digital camera immediately before treatment (time = 0) or after cells were incubated with 50 mM KCl, 1 mM glutamate or 100 mM kainate for 10 min, at room temperature. The glutamate antagonists MK-801 and DNQX (50 mM) were always added 10 min prior to glutamate or glutamatergic agonists addition. To examine the effect of 1 mM bafilomycin A1 or 2 mM Evans blue, cells were treated for 1 h with the drug prior to incubation with quinacrine. To examine the reversibility of Evans blue blockade of quinacrine staining, stained cells treated with Evans blue were washed once and incubated with 2 mL of complete MEM medium for 2 h, at 37 8C. After this incubation, cultures were stained again with quinacrine for 5 min, washed and observed under fluorescence illumination.
Measurement of extracellular ATP levels
Prior to measurement of the extracellular ATP levels, culture medium was removed, cells washed twice with 0.5 mL of Hank's balanced salt solution and incubated for 5 min, at 37 8C, in 0.2 mL of Hank's. This bathing solution was discarded and cells incubated in fresh solution for another 5 min (basal level). Medium was collected and cells incubated for an additional period of 5 min in the presence of 50 mM KCl, 1 mM glutamate or 100 mM kainate (stimulated level). The glutamate antagonists MK-801 and DNQX (50 mM) were added 5 min before stimulation. BAPTA-AM (30 mM) and bafilomycin A (1 mM) were added 15 and 60 min prior stimulation, respectively. ATP release was measured by the luciferin-luciferase assay using an ATP determination kit, following the manufacturer's instructions (Invitrogen). Briefly, ATP standards (25 nM-400 nM) and test samples were added to eppendorf tubes containing the luciferin-luciferase mixture. Tubes were immediately placed in a luminometer (Turner BioSystems, Sunnyvale, CA) and luminescence measured for 10 s. A calibration curve was constructed using ATP standards and used to calculate ATP levels in test samples. Data in figures were expressed as normalized [ATP] that represents the stimulated levels of extracellular ATP divided by the basal levels of extracellular nucleotide.
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Statistical analysis
Statistical comparisons were made by Student's t test or one-way analysis of variance (ANOVA) followed by the Bonferroni post-test. Data are presented as the mean AE S.E.M. for at least 3 or 4 experiments performed in duplicate or triplicate. A P < 0.05 was taken as significant.
Results
Although strong previous evidences suggest that the pigmented epithelium and retinal neurons are a main source of ATP in the developing chick retina (Pearson et al., 2005; Santos et al., 1999) , Mü ller glial cells were shown to release ATP during the propagation of calcium waves induced by mechanical stimulation in the adult rat retina (Newman, 2001) . In order to verify if Mü ller glial cells from the developing chick retina could release ATP, we first investigated whether these cells presented ATP-filled vesicles that could be labeled by quinacrine as described in rat astrocytes (Coco et al., 2003) . This acridine derivative is a weak-base that binds ATP with high affinity and is widely used to visualize ATPcontaining sub-cellular compartments in living cells (Bodin and Burnstock, 2001b; Irvin and Irvin, 1954) . Enriched Mü ller glia cell cultures were incubated with 5 mM quinacrine for 5 min, washed and immediately visualized under fluorescence illumination (Fig. 1A ). An abundant punctate fluorescent staining, distributed over cell cytoplasm, was observed.
Neurotransmitter uptake into secretory vesicles requires an electrochemical proton gradient that is maintained by a v-ATPase (Montana et al., 2006) . In order to verify if fluorescent puncta were secretory vesicles or other acidic organelles, enriched glial cultures were incubated with the v-ATPase inhibitor bafilomycin A1 (1 mM) for 1 h, prior to quinacrine staining. As shown in Fig. 1C , this procedure completely blocked the appearance of fluorescent granules within cultured cells.
Recently, Sawada et al. (2008) identified a novel member of the SLC17 family of anion transporters (VNUT) that could actively accumulate nucleotides into liposomes. The uptake of ATP by VNUT was dependent on membrane potential and could be greatly inhibited by DIDS and Evans blue, two potent blockers of the glutamate transporter VGLUT. Since quinacrine staining of Mü ller glia in culture was blocked by the v-ATPase inhibitor bafilomycin A1, the effect of Evans blue on quinacrine staining of cultured Mü ller cells was investigated (Fig. 2) . Enriched glial cultures were incubated with 2 mM Evans blue for 1 h prior to quinacrine staining. In contrast to control cultures where fluorescent granules could be easily noticed ( Fig. 2A) , no quinacrine fluorescence was detected in cultures pre-treated with Evans blue (Fig. 2C) . Moreover, quinacrine labeling over glial cells was restored when quinacrine negative, Evans blue-treated cultures were washed briefly and re-incubated in complete culture medium for 2 h, at 37 8C. When these cultures were stained again with quinacrine, an abundant punctuate fluorescent labeling over the cytoplasm of cells was observed (Fig. 2E) .
Elevation of extracellular potassium depolarizes glial cells which can lead to an increase in the internal levels of Ca 2+ in Mü ller cells (Keirstead and Miller, 1995; Wakakura and Yamamoto, 1994) . Treatment of enriched Mü ller glia cultures with 50 mM KCl resulted in reduced intracellular levels of quinacrine staining after a 10 min period of stimulation (Fig. 3) . No difference in quinacrine staining could be detected in control cultures after the same period of incubation, discarding the possibility that the decrease in quinacrine staining observed in KCl-treated cultures was due to fluorescence fading. The effect of 50 mM KCl on the accumulation of extracellular ATP was also investigated in these cultures (Fig. 3E) . The amount of ATP in the bathing solution of the cultures was measured after an incubation of 5 min in Hank's balanced salt solution and after an additional incubation of 5 min in Hank's solution containing 50 mM KCl. An increase of $77% over the basal levels of ATP was observed when cultures were incubated with 50 mM KCl. While non-stimulated levels of ATP were 1.68 AE 0.3 pmol/culture, levels of ATP observed in KCl-treated cultures were 2.97 AE 0.45 pmol/ culture.
Both NMDA and AMPA/KA ionotropic glutamate receptors were shown to be expressed in chick Mü ller glial cells (Lamas et al., 2005; Ló pez et al., 1994 Ló pez et al., , 1997 . Activation of these sites was shown to elicit the release of ATP from astrocytes, although activation of NMDA receptors elicits ATP release to a lesser extent (Pangršič et al., 2007; Queiroz et al., 1997 Queiroz et al., , 1999 . To investigate if glutamate could also induce the release of ATP from retinal Mü ller glia cells in culture, the effect of 1 mM glutamate on quinacrine staining of glial cultures was evaluated (Fig. 4) . Treatment of the cultures with glutamate for 10 min induced a decrease in both the intensity of quinacrine fluorescence as in the number of quinacrine stained granules (Fig. 4D) . No reduction in quinacrine staining was observed in control, non-treated cultures (Fig. 4B) . Also, no decrease in quinacrine staining was observed when glutamatetreated cultures were co-incubated with 50 mM of the antagonists DNQX (Fig. 4F) or MK-801 (Fig. 4H) .
The amount of extracellular ATP in glutamate-stimulated glial cultures was also evaluated using the luciferin-luciferase assay (Fig. 5) . Consistent with the reduction in quinacrine staining, incubation with 1 mM glutamate, for 5 min, at 37 8C, induced a significant increase in the extracellular levels of ATP in the cultures. While the medium of control cultures showed ATP levels of 1.81 AE 0.15 pmol/culture, glutamate-treated cultures showed ATP levels of 3.43 AE 0.33 pmol/culture.
The effect of glutamate selective agonists for NMDA and non-NMDA receptors on quinacrine staining of retina glial cells or extracellular levels of ATP is shown in Fig. 6 . While no decrease in quinacrine staining was detected in control, non-treated cultures, incubation of the cultures with 100 mM concentration of kainate for 10 min induced a consistent decrease in quinacrine fluorescent staining in the cultured cells. Moreover, incubation of the cells with 100 mM kainate for 5 min, at 37 8C, also induced a significant change in extracellular ATP levels that increased from 1.73 AE 0.17 pmol/culture in control cultures to 3.14 AE 0.55 pmol/ culture in kainate-treated cultures. This increase in extracellular ATP levels induced by kainate was completely prevented by the incubation of the cultures with the agonist in the presence of 50 mM DNQX or 50 mM MK-801 or in the presence of both antagonists.
Since MK-801, an NMDA receptor antagonist, blocked the increase in extracellular ATP levels in both glutamate-and kainatetreated cultures, the effect of NMDA on ATP levels was also evaluated (Fig. 6F) . Mü ller glia cultures were incubated for 5 min, at 37 8C, with 100 mM NMDA in Hank's medium without MgCl 2 , but with 2 mM glycine. However, no increase in extracellular ATP levels was observed in NMDA-treated cultures. No significant change was also noticed in cultures treated with NMDA in the presence of 50 mM of the antagonist MK-801.
Exocytosis is a regulated pathway of transmitter release that depends on intracellular calcium elevation. To investigate if glutamate-induced increase in extracellular ATP level was dependent on intracellular calcium rise, glia-enriched cultures were preincubated with 30 mM of the Ca 2+ chelator BAPTA-AM for 15 min, at 30 8C and incubated with 1 mM glutamate for an additional 5 min period. As can be observed in Fig. 7 , glutamate induced a $2Â increase in extracellular nucleotide levels, an increase that was completely blocked by the addition of BAPTA-AM to the incubation medium. No significant difference in ATP levels was observed in BAPTA-AM-treated cultures, either in the presence or absence of glutamate, as compared to the control cultures.
According to the evidences showing that bafilomycin A1 impairs ATP storage in secretory organelles, a decrease in glutamate-induced rise in extracellular ATP levels was expected to occur in bafilomycin A1-treated cultures. Mü ller glial cultures were pre-incubated with 1 mM bafilomycin A1 for 1 h and then incubated with 1 mM glutamate for 5 min. A significant reduction . Glutamate-induced increase in extracellular ATP levels in purified retinal glial cultures. Purified glial cultures were incubated with or without 50 mM DNQX, 50 mM MK-801 or both antagonists for 5 min, at 37 8C, after which medium was collected to determine the basal levels of extracellular ATP. Cells were further incubated for 5 min at 37 8C with 1 mM glutamate, in the presence or not of antagonists. Medium was then collected to measure glutamate-stimulated levels of extracellular ATP. Data were normalized to the mean control value of each experiment performed and represent the mean AE S.E.M. of at least 5 independent experiments performed in duplicate. Control levels of ATP = 1.81 AE 0.15 pmol/culture. ***P < 0.001, versus control. # P < 0.05 and ## P < 0.01, versus glutamate.
in the glutamate-evoked increase in extracellular nucleotide levels was observed in cultures treated with the v-ATPase inhibitor. Nucleotide levels decreased to only 60% and 92% of the control levels in bafilomycin A1-treated and glutamate plus bafilomycintreated cultures, respectively.
Discussion
Quinacrine is an acridine derivative that binds ATP with high affinity and is widely used to visualize ATP-containing sub-cellular compartments in living cells (Bodin and Burnstock, 2001b; Irvin and Irvin, 1954) . In glial cells, quinacrine labeling of ATP-filled vesicles was first demonstrated in rat astrocytes (Coco et al., 2003) . In the present study, we show that cultured chick Mü ller glia cells could also be stained with quinacrine, with a pattern of staining that was granular and located in the cytoplasm of cells. Moreover, quinacrine labeling of Mü ller cells could be prevented by bafilomycin A1, a potent inhibitor of vacuolar-ATPases and by Evans blue, a compound that blocks the uptake of ATP into liposomes containing the newly identified vesicular nucleotide transporter VNUT (Sawada et al., 2008) . Together, these observations strongly suggest that ATP is localized in secretory acidic vesicles in cultured Mü ller cells. Moreover, together with the observation that Evans blue blockade of quinacrine staining was reversible, our results also suggest that cultured avian Mü ller cells store ATP in acidic vesicles through the functioning of VNUT or a related vesicular anion transporter sensitive to Evans blue. One interesting point to be further explored is whether cultured Mü ller cells express this or some other similar transporter.
One major role of Mü ller glial cells is to regulate the composition of the retinal extracellular fluid. Neuronal activity results in increases in extracellular K + in the inner and outer B and D) . Purified glial cultures were incubated with or without 50 mM DNQX, 50 mM MK-801 or both antagonists for 5 min, at 37 8C. Then, medium was collected to determine the basal levels of extracellular ATP. Cells were further incubated for 5 min at 37 8C with 100 mM kainate (E) or 100 mM NMDA (F), in the presence or not of the antagonists. Medium was then collected to measure agonist-stimulated levels of extracellular ATP. Data were normalized to the mean control value of each experiment performed and represent the mean AE S.E.M. of 7 independent experiments performed in duplicate (E) or 3 experiments performed in quadruplicate (F). Control levels of ATP = 1.73 AE 0.17 and 1.97 AE 0.22 pmol/ culture, respectively. ***P < 0.001, versus control. # P < 0.05 and ## P < 0.01, versus kainate.
plexiform layers and these variations lead to an influx of K + into
Mü ller cells by a spatial-buffering mechanism, also known as ''K + siphoning'', that depolarizes glial cells (Newman and Reichenbach, 1996) . Moreover, Mü ller cells express voltage-dependent calcium channels (Newman, 1985) that were characterized as L-type of calcium channels in the human retina (Puro et al., 1996) . Accordingly, high concentrations of extracellular K + can induce an increase in intracellular calcium levels (Keirstead and Miller, 1995; Wakakura and Yamamoto, 1994) . In the present work, we show that incubation of chick Mü ller glial cells with a 50 mM solution of KCl induced both a decrease in quinacrine staining of cell vesicles and a significant accumulation of ATP in the culture medium, suggesting that under depolarization, cultured Mü ller glia cells release ATP through the exocytosis of nucleotide-filled vesicles. Although ATP release from glial cells can occur by many different pathways, such as connexin hemichannels (Stout et al., 2002) , purinergic P2X7 receptor (Anderson et al., 2004) and ATP transporter proteins (Abraham et al., 1993) , the release of ATP by exocytosis was demonstrated in astrocytes (Bal-Price et al., 2002; Coco et al., 2003; Pangršič et al., 2007) and Schwann cells (Liu et al., 2005) . Mü ller glial cells express several glutamate receptors, including NMDA, AMPA/KA and metabotropic glutamate receptors (Keirstead and Miller, 1997; Lamas et al., 2005; Ló pez et al., 1994 Ló pez et al., , 1997 Ló pez-Colomé and Romo-de-Vivar, 1991; Uchihori and Puro, 1993; Wakakura and Yamamoto, 1994) . As for KCl-mediated depolarization, incubations with glutamate induced a decrease in quinacrine staining as well as an increase in extracellular ATP content in retinal Mü ller cells in culture (Figs. 4 and 5) . Both responses were prevented by co-incubation of the cells with DNQX and/or MK-801, two selective antagonists for AMPA/KA and NMDA receptors, respectively, suggesting the participation of both ionotropic receptors in glutamate-induced release of ATP in Mü ller glial cells.
Although NMDA and non-NMDA receptor antagonists blocked glutamate-induced increase in extracellular ATP, only kainate was capable of inducing nucleotide accumulation in medium. No increase was observed by incubating cells with NMDA. Both antagonists also blocked the increase in extracellular ATP levels induced by kainate. At least two possibilities could account for this observation. The first would be that NMDA receptor antagonist MK-801 blocked non-NMDA receptor stimulation. This possibility however, does not seem plausible since no evidences for such nonspecific effect of MK-801 were found so far. Another possibility would be that kainate induced the release of endogenous glutamate as already suggested by Uckermann et al. (2006) (Duarte et al., 1996) as well as in the retina of other species (Ohia et al., 2000) . Since Mü ller cells seems to take up and release glutamate (Gadea et al., 2004; Newman and Zahs, 1998; Reis et al., 2008) , one interesting point that deserves further investigation is whether glutamate itself can induce the release of D-aspartate or glutamate from cultured chick Mü ller cells. Previous evidences have shown that glutamate does not induce calcium mobilization in Mü ller cells from adult rodent retinas (Newman, 2005; Newman and Zahs, 1997; Rillich et al., 2009; Uckermann et al., 2004) . Moreover, in same preparations, the release of ATP from Mü ller cells was shown to be a calcium-independent, non-exocytotic process (Uckermann et al., 2006; Wurm et al., 2008) . In the present study, glutamate-induced accumulation of extracellular ATP was blocked by BAPTA-AM, a chelator of intracellular calcium and by bafilomycin A1, a v-ATPase inhibitor. The discrepancies between our findings and those mentioned above may have several explanations, including species or age differences. An interesting hypothesis is that the glutamate-induced calciumdependent exocytotic release of ATP observed in the present study occurred only in cultured Mü ller cells, but not in freshly dissociated or non-dissociated Mü ller cells as those used in the mentioned studies. It is known that Mü ller cells in purified cultures can dedifferentiate to progenitors and express different sets of signaling components (Reis et al., 2008; Bringmann et al., 2009) . In good agreement with this hypothesis are the previous observations that glutamate agonists do evoke intracellular calcium rise when Mü ller cells obtained from adult human, rabbit or salamander retinas are cultured for several days (Keirstead and Miller, 1997; Uchihori and Puro, 1993; Wakakura and Yamamoto, 1994) . to determine the basal levels of extracellular ATP. Cells were further incubated for 5 min at 37 8C with 1 mM glutamate in the presence of inhibitors after which medium was collected to estimate glutamate-induced increase in ATP levels. BAPTA-AM and bafilomycin A1 were added to the cultures 15 min and 1 h before the beginning of the experiment, respectively. Data were normalized to the mean control value of each experiment and represents the mean AE S.E.M. of at least 3 experiments performed in duplicate or quadruplicate. Control levels of ATP = 1.76 AE 0.15 pmol/culture. ***P < 0.001, versus control. ## P < 0.01, versus glutamate.
